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Chemical Standards Sectional Committee, CDC 1 



FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards on 30 November 1989, after 
the draft finalized by the Chemical Standards Sectional Committee had been approved by the 
Chemical Division Council. 

The density-composition tables provide a simple means to determine the strength of any aqueous 
solution of hydrochloric acid or of making a solution of specific strength. The underlying 
principle in the preparation of these tables is that density is a function of the composition of 
aqueous hydrochloric acid solutions. By using a density hydrometer or from the density deter- 
mined at any particular temperature within the range of the tables, composition of the solution can 
be determined. The density-composition table is based on data obtained from the International 
Critical Tables 1928 still authoritative and relates to mass, not to apparent mass in air. 

This standard is based on the tables published in BS 976 : 1987, Density-composition tables for 
aqueous solutions of hydrochloric acid, issued by the British Standards Institution. 

For the purpose of deciding whether a particular requirement of this standard is complied with 
the final value, observed or calculated, expressing the result of a test or analysis, shall be roundh, 
off in accordance with IS 2 : 1960 'Rules for rounding off numerical values {reyisedy. Ted 
number of significant places retained in the rounded oflF value should be the same as that ofhe 
specified value in this standard. 
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DENSITY-COMPOSITION TABLES FOR 

AQUEOUS SOLUTIONS OF HYDROCHLORIC 

ACID — SPECIFICATION 



1 SCOPE 

1.1 This standard furnishes tables which corre- 
late density with composition of aqueous solu- 
tions of hydrochloric acid. This standard is 
intended to assist in determining the strength of 
an aqueous solution of hydrochloric acid of 
known density and in preparing solutions of 
specific strength' 

2 REFERENCES 

2A The following Indian Standards are necessary 
adjuncts to this standard. 



IS No. 

3104 

< Part 1 ) : 1982 

3104 

( Part 2 ) : 1982 



Title 

Spe<^cation for density 
hydrometers: Part 1 Require- 
ments ( first revision ) 

Specification for density hy- 
drometers: Part 2 Methods 
of test and use {first 
revision ) 



J DENSITY-COMPOSITION TABLE FOR 
AQUEOUS SOLUTIONS OF HYDRO- 
CHLORIC ACID ( TABLE 1 ) 

3.1 Abbreviatiom 

For the purpose of this standard, the following 
■abbreviations shall apply: 

A ^ Density of the aqueous solutions of 
hydroc)i)oric acid in ( kg/m* ) at a 
temperature r. 



g — Mass in grams of hydrochloric acid in 
100 gfttms of the aqueous solution. 

G = Mass in grams of hydrochloric acid in 
one litre of the aqueous solution at 
temperature r. 

3.2 The table gives the values of f and G for 
densities of hydrochloric acid solutions at various 
temperatures between 0° and 40" C. 

3.3 Table 1 has been so prepared that the den- 
sity Dt increases by steps of 1 kg/m* and the 
corresponding values of g and G have been for 
each 5*C over the range 0* to 40°C. 

3.4 Corrections to be applied for greater accu- 
racy are given in Annex A. 

3*5 Examples of the use of the density-com- 
position tables in conjunction with hydrometers 
are given in Annex B. 

3.6 Determinfttion of D, from Table 1 

The method of obtaining density of solutions 
of hydrochloric acid of known strength is given 
in Annex C. 

3.7 Choice of Hydrometers 

Recommendations as to the choice of suitable 
hydrometers for use in conjunction with these 
tables are given in Annex D. To avoid error in 
visual reading of the scales of the hydrometers 
and to apply the corrections given in Annex A 
with best advantage, density hydrometers shall 
be used in overflow vessels as recommended in 
IS3104(Part2): l')82. 
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ANNEX A 
( Clauses 3.4 and 3.7 ) 

CORRECTIONS OF READINGS TAKEN BY HYDROMETERS 



A-1 CORRECTIONS TO BE APPLIED 
GREATER ACCURACY 



FOR A- 1.1. 2 Tempemture Corrections 



A-1.1 Where greater accuracy is necessary, the 
following additional corrections are applied for: 

a) the scale error of the hydrometer, 

b) the difference between the temperature of 
the liquid and the standard temperature 
of the hydrometer, and 

c) the difference between the surface tension 
of the liquid and that for which the 
hydrometer is adjusted. 

A-1.1.1 Corrections for Scale Errors 

The maximum permissible scale errors allowed 
on hydrometers appropriate for hydrochloric 
acid are given in Table 2. 



When the hydrometer reading is taken at a 
temperature / other than the standard tempera- 
ture /s ( 27°C, 20°C or 15°C), the reading is 
in error due to the difference in the volume of 
the hydrometer between te and /. 

A-1.1.2.1 Appropriate corrections for making 
allowance for this temperature effect are given 
in Table 3. Density hydrometers corrected in 
accordance with Table 3 give the density />t of 
the liquid at /. 

A-1. 1.3 Surface Tension Correction 

These corrections are applied on a hydrometer 
reading taken in an overflow vessel so as to 
ensure that the surface of the liquid is truly 
clean. 



Table 2 Indian Standard Hydrometers for Use in Aqueous Solutions of Nitric Acid 

( Clauses A-1.1. 1 and D-l.l ) 



Series and 

Range 

Category 


Interval 
Covered by 
Individual 
Hydrometers 


Equivalent 
of One Sub- 
Division 


Scale Length 
( Nominal 
Length ) 
Min 


Number of 

Scale 
Division 


Permissible 
Scale 
Error 
Max 


Overall 

Length 

Max 


Bulb 
Diameter 

, » , 

Min Max 




(g/ml) (lcg/m«) 


(g/ml) (kg,m») 


( mm ) 






(kg/m«) 


( mm ) 


( mm ) 


L 20 


0020 20 


0000 2 0-2 


105 


10 




±0-2 


335 


36 40 


L 50 


0-050 50 


0000 5 0-5 


125 


100 




±0-5 


325 


23 27 


M 50 


0050 50 


0001 1 


70 


50 




± 10 


270 


20 24 


MlOO 


0100 100 


0002 2 


85 


50 




± 2 


250 


18 20 


S 50 


0050 50 


0002 2 


50 


25 




±2-0 


190 


18 20 


NOTE — The letters L. M and S stand for 'Long', 'Medium', and 'Short' 
associated with each of them indicate the difference between the two extreme 
hydrometer of the particular series concerned. 


respectively and the numbers 
graduations of the scale of each 



Table 3 Temperature Corrections for Density Hydrometers 

( Clauses A-1. 1. 2.1 and A- 1.1. 3.4 ) 



SI No. 



Standard Temperature /, of Hydrometer 



Hydrometer Reading at Temperature / 

^1 000 I 200^ 

Correction { 01 kg/m» ) 

+ 5 4-6 

+ 4 +5 

+ 3 +3 

+ 1 +2 



- 1 „2 

-3 -^3 

~4 _5 

NOTES 

1 When the sign is positive, the correction is to be added to the hydrometer reading and when negative it is 
to be subtracted from it. 

2 This table is based on the value 2-5 x 10"* per 'C for the coefficient of cubical expansion of the 
hydrometer. 





27° C 


20''C 
Temperature ( t°C ) of liquid 


15''C 


i) 


— 





— 


ii) 


-_ 


5 





iii) 


17 


10 


5 


iv) 


22 


15 


10 


V) 


27 


20 


15 


vi) 


32 


25 


20 


vii) 


37 


30 


25 


viii) 


42 


35 


30 


ix) 


— 


40 


35 


X) 


™ 


— 


40 
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A-1.1.3.1 When the highest accuracy is required, 
hydrometer adjusted for the 'high' surface 
tension value 75 mN/m shall be used. 

A-1.1.3.2 In cases where no special precautions 
are taken for obtaining a clean acid surface, the 
surface tension of aqueous solutions is usually 
less than the surface tension value for clean 
s urfaces. Also, since the value depends to a 
large extent on the degree of contamination of 
the surface, the effective surface tension is erra- 
tic. Hence when using ordinary hydrometer 
jars without overflow, it is not possible to assign 
a reliable value to the surface tension of the acid 
solutions without measuring it. Under these 
conditions surface tension corrections are usually 
ignored. It may, however, be assumed that 
under ordinary conditions of cleanliness, the 
values lie between 40 mN/m and 70 mN/m. It 
is, therefore, appropriate 4o use a hydrometer 
adjusted for 55 mN/m. The error then intro- 
duced by ignoring surface tension is unlikely to 
exceed values given in Table 4. 

A-1.1.3.3 It is of interest to examine the overall 
effect of ignoring corrections under A-1.1, A-1.1 2 
and A-1.1.3 when using hydrometers adjusted 
for the 'medium* surface tension value. In 
Table 5, the hydrometers are assumed to be 
floating in hydrochloric acid solutions of density 
between 1 000 and 1 150 kg/m' at a temperature 
differing by ilO^^C from the standard tempera- 
ture of the hydrometer. 



A-1.1.3.4 Application 
tions: 

Example: 



IS 12845 :1M» 

of hydrometer correc- 



Hydrometer used: Densitv hydrometer 2 
50 range 1 100 to 1 150 kg/m» at 20°C adjusted 
for 75 mN/m, ascertained scale error 
+05 kg/m». 



Temperature of acid solution 
Uncorrected hydrometer read- 
ing using overflow technique 
Corrections: 
For scale error 
For temperature ( from 

Table 3 ) 
For surface tension 

( from Table 6 ) 

Then density of acid 
solution at 27° C 



irc 

1 1060 kg/m' 
-0-5 kg/m" 
-0-2 kg/m» 
-01 kg/m> 

1 105-2 kg/m» 

From Table 1 a solution of densir 
1 105 kg/m» at 27°C contains 220 g o 
hydrochloric acid in 100 g of solutior 
and one litre of solution contains 243 g oj 
hydrochloric acid. 

Had the corrections of scale error, tempera- 
ture and surface tension been ignored the 
values would have been 22*2 g and 246 g 
respectively. 



-Table 4 Maximam Eirora Introduced by Ignoring Surface Tension when Reading Denaity 

Hydrometers, Adjusted for 55 mN/m, in Aqneons Solutions of Hydrochloric Acid 

in an Ordinary Hydrometer Jar Maximum Error ( kg/m* ) 

{Clause A-l.I.3.2) 



SI No. Density of the Acid Solution 
kg/m* 



Dentity Hydrometeri Adjusted for 55 nN/a 

— t 
S50 



i) 



L 20 L 50 

± 0-2 ± 4 

'Long', 'Medium', and 



Af50 M 100 
1 000 - 1 200 ±0-2 ±04 ± 0-7 ± M ± 09 
NOTE — The letters L.MsmdS stand for 'Long', 'Medium', and 'Short* respectively and tho numbers 
associated with each of them indicate the difference between the two extreme graduations of the scale of each 
hydrometer of the particular series concerned. 



Table 5 Maximum Errors Due to Omission of all Corrections to Density 
Hydrometers Adjusted for 55 mN/m 

(Clause A-1.1.3.3) 



£20 
0-2 


L50 
0-5 


Af 50 

10 

kg/m« 


A/ 100 
20 


SSO 
20 


±0-2 


±0-5 


±1*0 


±20 


±2-0 


±0-3 


±0-3 


±0*3 


±0*3 


±0-3 


±02 


±0*4 


±0-7 


±11 


±0-9 



Series and Range Category 

Value of 1 sub-division 
( kg/m* ) 

a) Maximum permissible scale corrections 

b) Maximum temperature corrections for 

±10<'C 

c) Maximum estimated surface tension 

correction 

Maximum value of total corrections ± 0*7 ± 1*2 ± 2-0 ± 3*4 ± 3'2 

Error in grams in determined strength of solution of density 1 100 kg/m* at SO^C ( 21*3 g hydrochloric acid per 
100 g of solution or 234 g hydrochloric acid per 1 litre of solution ) corresponding to total corrections above. 

g 

HCHn 100 g of solution ±0*2 ±0*2 db 0-4 ±07 ± 0.« 

HCl in 1 litre of solution ±2 ±3 ±5 ^9 ±8 

NOTG — The letters L. M sod S stand for 'Long*, 'Medium', and 'Short* respectively and the aumben 
attoctsted with each of them indicate the ditfercQce between the two extreme ^graduations of the scale of 
saeh hydrometer of the particular lerles cooccroed. 
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Tftbic 6 Svrface Tesslon Corrections for Indian Standard Density Hydrosseters Adjasted 
for *H!gli' Sorface Tension Value Wlien Used in Aqneons Solutions of Hydrochloric 
Acid HaTiog Truly Clean Surface ( Correction in 01 kg/m' ) 

{Clause A-1.1.3.4) 



S 1 No. Dcotily of Solation at 



Indian Staadard Hydrometers Adjusted for the 'High* Surface Tension 75 mHj m 

. __^_— -A- . ; _^ . 





27*'C ( kg/m» ) 


i) 


1000 


H) 


1 103 


iii) 


1200 



£20 



- 1 

_ 1 



L50 


- 1 

- 2 



Af 50 



- 2 

_4 



M 100/iS 50 

-5 
~ 5 



NOTES 

1 The letters!,, Af and S stand for 'Long', 'Medium', and 'Short* respectively and the numbers associated 
with each of them indicate the difference between the two extreme graduations of the scale of each hydro* 
meter of the particular series concerned. 

2 The sign being negative, the correction is to be subtracted from the hydrometer reading. 



ANNEX B 
( Clause 3.5 ) 

USE OF DENSlTY-COMPOSmON TABLES 



B.1 TO DETERMINE THE STRENGTH OF 
AN AQUEOUS SOLUTION OF HYDRO- 
CHLORIC A<:iD 

B-1.1 Suppose that the temperature of the solu- 
tion is 25"G and the density at that temperature 
is 1 086 kg/m». Then in Table 1 ui jer the tem- 
perature 25°C and opposite Dt = 1 086 will be 
found g -» 18.1 and G = 196, indicating that 
the solution contains 181 grams of hydrochloric 
acid in 100 g of solution and 196 g of hydro- 
chloric acid in one litre of solution at 25" C. 

B.2 TO MAKE UP A SOLUTION CONTAIN- 
ING 20*8 g OF HYDROCHLORIC ACID IN 
THE 100 GRAMS OF SOLUTION 

B-2.I In Table 1 under t >= 20°C the value of 
Dt corresponding to g = 208 g is 1 102 kg/m". 
Water should therefore be mixed with a more 
concentrated solution of hydrochloric acid, in 
small portions with thorough mixing and avoid- 
ance of an undue rise in temperature, the density 
of the diluted acid solution being checked with 



a hydrometer during the dilution until the 
l>ydrometer indicates that the density is appro- 
aching 1 102 kg/m». At this stage and before 
making the final adjustment, the temperature of 
the solution is taken. Suppose it is 25°C, then 
from Table 1 the value of Dt corresponding to 
g = 208 in the column headed 25°C is 
1 100 kg/m^ The solution at 25'*C should, 
therefore, be adjusted so that a hydrometer 
indicates that its density is 1 100 kg/m». The 
solution thus obtained will contain 20"8 g of 
hydrochloric acid in 100 g of solution. 

B-3 TO MAKE UP A SOLUTION CONTAIN- 
ING 218 g OF HYDROCHLORIC ACID IN 
1 LITRE OF SOLUTION AT 25°C 

B-3.1 From Table 1 under the heading 25''C, we 
find that a solution containing 218 g of hydro- 
chloric acid per litre has 19'9 g of hydrochloric 
acid per 100 g of solution. Therefore the 
required solution is made up as in B-2 using 
g = 19-9. 



ANNEX C 
{ Clause 3.6 ) 

DETERMINATION OF DENSITY ( i)t ) AT VARIOUS TEMPERATURES 



C-1 DETERMINATION OF Dt FROM THE 
VALUE OF g 

C-1.1 Consider a solution containing 15 g of 
hydrochloric acid in 100 g of solution, that is, 
one for which g = 15. By looking up the value 
of Dt corresponding to the value g == 15 under 
any particular temperature in Tabie 1 the density 
of the solution at that temperature can be 
obtained. Thus, for example, the density of 
the solution is 1 076 kg/m' at lO^'C and 1 072 
kg/m» at 20°C. 



C-2 DETERMINATION OF Dt FROM THE 
VALUE OF G 

C-2.1 The percentage composition g of a solu- 
tion is independent of its temperature, but G, 
the number of grams of hydrochloric acid in 1 
litre of solution, varies with the temperature of 
the solution owing to the change in volume of 
the solution with change in temperature. Hence, 
the concentration G must always be associated 
with a particular temperature. For a given 
value of G applicable at a particular tcmpera- 
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ture. Table 1 can be used to obtain the density 
of the solution at the specified temperature or at 
any other temperature within the range of the 
table. The value of G for the solution at tem- 
peratures other than the specified one can also 
be obtained. For example, consider a solution 
containing 298 g of hydrochloric acid per litre 
at 20''C. Under 20° C in Table 1 the value of 
Dt corresponding to C = 298 is 1 131 kg/m' and 
the corresponding value ofg is 264. By tracing 
the value g = 26"4 through the Table 1, and 
interpolating where necessary, the density Dt at 
various temperatures of the solution containing 
298 g of hydrochloric acid in 1 litre of solution 
at 20°C can be obtained and also the number 
of grams of hydrochloric acid in 1 litre of the 



solution at various temperatures. Examples of 
the values which may thus bs obtained are given 
in Table 7. 

Table 7 Valaes of 'G' of a Solution at 
Different Temperatures 

( Clause C-2 ) 



rc 


Grams {g) of 


Density (Ot) of 


Grams ((?> of 




HCl in 100 g 


Solution of 


HCl in 1 Litre 




of Solution 


lig/m» at /"C 


of Solution 
atr'C 





26-4 


1 142 


302 


10 


26-4 


1 136 


300 


20 


2<S-4 


1 131 


298 


30 


26-4 


1 126 


296 


40 


26-4 


1 120 


295 



ANNEX D 
( Clauses 3.7 and A-1.1.1 ) 

CHOICE OF HYDROMETERS 



D-1 INDIAN STANDARD HYDROMETERS 
FOR USE IN CONJUNCTION WITH THE 
TABLES 

D-I.l Indian Standard specifications for density 
hydrometers IS 3104 ( Parts I and 2 ) : 1982 
affords a wide choice of density hydrometers 
suitable for use in aqueous solution of hydro- 



chloric acid. They may have scales of density 
at 27''C, 20°C and 15°C. The choice of the 
hydrometer series will depend on the accuracy 
required and the amount of solution available. 
Table 2 gives the essential features of the various 
series of hydrometers suitable for aqueous 
solutions. 
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